The nitric oxide (NO) synthases (NOSs) system consists of three diŠerent isoforms, including neuronal (nNOS), inducible (iNOS), and endothelial NOSs (eNOS). The roles of NO in vivo have been extensively investigated in pharmacological studies with NOS inhibitors and in studies with mice lacking each NOS isoform. However, in the pharmacological studies, the speciˆcity of NOS inhibitors continues to be an issue of debate, while in the studies with mice lacking each NOS isoform, compensatory mechanism by other NOSs appears to be involved. Thus, the ultimate roles of endogenous NO in our body still remain to be fully elucidated. To address this important issue, we have successfully developed mice in which all three NOS genes are completely disrupted. NOS expression and activities were totally absent in the triply n/i/eNOS -/-mice before and after treatment with lipopolysaccharide. While the triply n/i/eNOS -/-mice were viable, their survival and fertility rates were markedly reduced as compared with wild-type mice. Theˆrst noticeable phenotypes were polyuria, polydipsia, and renal unresponsiveness to vasopressin, characteristics consistent with nephrogenic diabetes insipidus. We subsequently observed that in those mice, arteriosclerosis is spontaneously developed with a clustering of cardiovascular risk factors. These results provide theˆrst evidence that genetic disruption of all three NOSs causes a variety of cardiovascular diseases in mice in vivo, demonstrating the critical role of the endogenous NOSs system in maintaining cardiovascular homeostasis.
In the normal brain, total NOS activity was markedly reduced in nNOS -/-mice as compared with the wild-type mice, and it was completely absent in the triply n/i/eNOS -/-mice. (B) In the normal heart, total NOS activity was signiˆcantly reduced in nNOS -/-, iNOS -/-, and eNOS -/-mice, and it was also completely deˆcient in the triply n/i/eNOS -/-mice. (C) In addition, in the heart treated with lipopolysaccharide, total NOS activity was again undetected in the triply n /i/eNOS -/-mice. 
